ABSTRACT We sampled stable ßy, Stomoxys calcitrans (L.), populations using a CO 2 baited cloth trap (Nzi trap) each day throughout the summer and autumn at a beef farm near Peterborough, Ontario, Canada, from 1997 to 2001 were dissected for ovarian age-grading, to produce a demographic proÞle of farm populations. The number of follicles were counted to produce fecundity estimates. The developmental periods of adult female stages, measured as accumulated degree-days above 10ЊC, were determined for a lab colony of stable ßies. These measurements were used to calculate survival in terms of degree-days of the farm populations each year. Of the 2,512 females caught, 42.4% were nulliparous on average each year. The median follicle size at insemination was 305 m in the Þeld populations, and 495 m in the colony. Farm caught females had an average of 49.15 follicles per ovary overall, with the body size (leg length) and fecundity increasing slightly with age. On average, 44.5% (SE 3.2%) of nulliparous females survived to become parous, and of these, 45.7% (SE 2.1%) survived the uniparous state to become multiparous. Years of higher rainfall had increased fecundity; rainfall did not appear to affect survival.
Stable ßies, Stomoxys calcitrans (L.), are an important blood feeding pest of beef and dairy cattle in North America, costing producers in North America around two billion dollars annually (Taylor and Berkebile 2006) . To develop effective population models for integrated pest management (IPM) of stable ßies, life history measurements are required from populations on operating farms. Because Þeld estimates can be difÞcult to obtain, many researchers (LaBrecque et al. 1975 , Berry and Kunz 1977 , Berry et al. 1981 , Scholl 1984 have resorted to studies that subject ßies reared in laboratory colonies to Þeld conditions. While an improvement over laboratory derived population parameters, these can beneÞt from being compared with direct Þeld observations.
In this article we use adult development rates derived from the Trent University stable ßy colony to assign degree-day ages to wild caught stable ßies based on their ovarian follicle stage. These were used to determine life history parameters of stable ßies based on daily trap sampling conducted on a beef farm over 5 yr. We report demographic proÞles, fecundity, and survival of nulliparous and parous gonotrophic cycles, and the stage at which insemination occurs.
Materials and Methods
This study took place over 5 yr at a beef farm. Daily catches of stable ßies were dissected and age-graded. These were used to determine fecundity and survival of the stable ßy population at this farm. For fecundity, we mainly counted the number of follicles from a single ovary in female stable ßies of varying ages. For survival, we related the follicle length and parous stage based on ovarian dissections of each female to a degree-day based age. The ovarian development rate of female stable ßies was determined using a lab calibration study, with females dissected each day and age graded. These data were then modeled to obtain a relationship between follicle length and degree-days. This model was used to assign an "age" in terms of degree-days to Þeld caught females based on the parous stage. This enabled us to assess survival in terms of degree-days, based on the proportion of older stable ßies (e.g., parous, multiparous) relative to younger (e.g., nulliparous) stable ßies over each season. For these analyses, we used degree-days above the standardized development threshold of 10ЊC (Pruess 1983) .
Lab Age Calibration. Stable ßies from the stock colony maintained at Trent University (25ЊC [Ϯ0.5] at 50% relative humidity [RH] , and a photoperiod of 16:8 L:D h) were used for comparison with Þeld derived estimates. Daily cohorts of colony adults of known age (Ϯ1.5 h) were established over a period of 9 d by placing pupae into a succession of small, screened adult cages. Adults that emerged between 9 a.m. and 12 noon each day were considered a daily cohort. These had ad libitum access to 0.2 M sucrose in water from the time of emergence and were given the opportunity to blood feed (citrated bovine blood collected weekly from a local abattoir was warmed and put onto an absorbent cloth on the mesh covering of the cage) daily for 30 min starting at 12 noon on the day after emergence. Flies that did not blood feed during the 30 min period were culled. Each day immediately before blood feeding, three females were removed from each cohort and dissected for ovarian age-grading and measurements. Flies were sampled from cohorts for up to 8 d (seven bloodmeals).
In February of 2000, ovaries and spermathecae from 103 female stable ßies from the main colony were examined to determine the stage at insemination. Follicle length, oocyte length, and maximum width, and insemination status were recorded and analyzed using a logistic regression to provide an estimate of when insemination occurred in terms of follicle growth in colony females.
We used an age-grading continuum to assign females to 1 of 12 (Scholl 1986 ) reproductive age classes (RAC) to differentiate between Moobola and CuppÕs (1978) ovarian stages that repeat in each gonotrophic cycle. RACs 1Ð 6 are nulliparous ßies corresponding to stages N through V, respectively, RACs 7Ð9 are uniparous ßies that were only found in ovarian stages III, IV, V (respectively) and RACs 10 Ð12 are multiparous ßies also only found in ovarian stages III, IV, V (respectively), with RACs 6, 9, and 12 being the gravid stages.
Ovarian development rates were modeled as the growth rate of the ultimate follicle in colony females Þtted by the least squares loss method (Statistica 4.5 STATSOFT) to the logistic and Gompertz functions (Causton 1983) . The better Þtting of these was used to model ultimate follicle growth (length) against accumulated degree-days above 10ЊC (ADD 10 ). This Þtted functional relationship was used to Þnd the duration in ADD 10 of the nulliparous period from stages 1Ð3, the uninseminated period; and the nulliparous period of stages 4 Ð 6, the period after insemination, which was also used as the duration of the parous periods (uniparous stages 7Ð9 and multiparous stages 10 Ð12).
Field Collections. Stable ßies were sampled at a beef farm near Warsaw Ontario, 10 km north of Trent University, from 1997 to 2001. This farm was chosen because of its isolation from neighboring farms to try and minimize any chance of mixing with neighboring populations. The Warsaw farm consisted of 34.4 ha of pasture with two small wooded areas. The region around the farm consists of forest and/or swamp in all directions. There was a small 0.8 ha homestead with two horses adjacent to the southwest corner. Livestock at the Warsaw farm included 25Ð30 cow-calf pairs, one bull, two donkeys, and several pigs. Cattle assembled in the barnyard each day where a salt lick was situated. They obtained water from a nearby pond (35 m south of trap). The closest farm with livestock was a beef farm 6 km to the northeast.
Stable ßies were collected daily from 1997 to 2001. Trapping was done using a CO 2 -baited blue and black cloth Nzi trap (Mihok 2002) . CO 2 was released from a compressed gas tank at 1 liter/min from a plastic tube, the end of which was placed at the entrance to the trap. The Nzi trap was placed on a small rise of land in an open pasture 40 m south of the barnyard with the trap opening facing south. The trap was surrounded by an electric fence set up 5 m away to prevent livestock from damaging the trap. Vegetation within the fenced area was kept at 8 cm high to allow ßies access to the trap entrance.
The trap was set up each year in mid-May, before the establishment of local stable ßy populations. In 1997, a second trap was installed 60 m north of the barnyard and sampled until mid-July. The trap at this site was destroyed several times by cattle despite the fence, so it was discontinued. Data from this trap were included in follicle development analyses, but excluded from the survival calculations because these were based on relative proportions. Sampling was halted in the fall after 21 d of zero catch. Because stable ßies are diurnal (Harley 1965 , Patterson 1989 , CO 2 was released during the day from 7 a.m. to 7 p.m. so that each dayÕs catch represents 12 trapping hours (Ϯ30 min). At the end of each daily trapping period, any ßies within the trap on the cloth surfaces that were not inside the catch container were collected using a hand-held aspirator (Dust Buster, Black and Decker, New Britain, CT). Samples were placed on ice for 30 min before processing.
Assessment of Collections. Flies from daily collections were counted and sexed. Females were dissected in 0.9% saline to determine ovarian stage, and parous level (Moobola and Cupp 1978, Scholl 1980) . Insemination was determined by crushing the spermathecae under the cover slip to see if any live sperm were released. Terminal follicle length, width, and oocyte length were measured using an ocular micrometer in a compound microscope. In 1997, these measurements were recorded from Þve ovarioles in each female. Analysis of these data demonstrated that variability of these parameters was extremely low (i.e., coefÞcient of variation Ͻ5% in each ovarian stage; Sokal and Rohlf 1995) . Because of this, only one ultimate follicle was measured in each female in 1998 Ð2001, with one penultimate follicle length measured from 1999 to 2001.
In 2001 daily collections could not be processed completely at the time of capture, so they were stored in 70% ethanol (Kunz 1982) and later assessed for all information except insemination that could not be reliably determined after storage in ethanol. To check for possible tissue shrinkage, the lengths of the mature follicles (stage V; Moobola and Cupp 1978) of freshly processed and stored females were compared using a one-tailed t-test.
Fecundity. Fecundity was obtained by counting the number of ovarioles during the ovarian dissections (Davidson 1956 , Southwood 1966 , Berrigan 1991 , Sutcliffe et al. 1993 ) from at least one or both ovaries, and taking the average when both were counted to get the number of follicles per ovary. In 2000 and 2001, the length of the metathoracic femur and tibia were measured using an ocular micrometer to provide an index of the size of female stable ßies (Blanckenhorn 1997) . These data were analyzed using an analysis of covariance (ANCOVA) to test for the effect of year, parous state, and year by parous state interaction, on the number of follicles, using leg length as the covariate.
Survival. Survival was estimated from the proportion of the total yearly catch that was parous (Davidson 1954 , Service 1976 , Scholl 1986 ) using as the calculation of survival probability p n ϭ M, where p is proportional daily survival, M is proportion parous ßies in the sample, and n is duration of gonotrophic cycle. The expected survival of each stage was calculated in two ways. The Þrst was by assuming a constant rate of survival per RAC in each gonotrophic state (Scholl 1986 ) for the six nulliparous and three parous stages. The second method used the lab calibration data. Because the lab reared females were collected and dissected at the same time each day, the frequencies of females in each RAC was assumed to be proportional to the duration of each age class. These proportions were used to calculate survival per RAC.
Data Analysis. The life history parameters in this article are expressed in terms of accumulated degreedays (Birch 1948 , Hughes 1962 , Southwood 1966 , Beresford and Sutcliffe 2009a) above a standardized developmental threshold of 10ЊC (ADD 10 ) (Pruess 1983 , Lysyk 1993 ). Degree-days were calculated using the sine wave method for half-days (Allen 1976, Baskerville and Emin 1969) from daily maximum and minimum temperatures.
To Þnd out if there was any observable effect of rainfall and summer temperatures, the 1998 Ð2001 abundances, survival, and fecundity estimates for nulliparous, uniparous, and multiparous females were correlated to the summer ADD 10 , and total summer rainfall using a Pearson Product moment correlation.
Daily rainfall and temperature data were obtained from the Trent University weather station. All analyses were performed using Statistica 4.5 (STATSOFT) or SPSS (PASW Statistics 17).
Results
Stable ßies were Þrst caught in June or July each year, with catches increasing from July to October (Table 1 ). The mean male:female ratio over the 5 yr was 0.95, with 43% of the females nulliparous. The most ßies (2025) were caught in 2001 and the least (273) were caught in 2000.
Lab Age Calibration. In the colony reared stable ßies, follicle lengths increased until reaching Ϸ1,100 m after Ϸ100 ADD 10 (Fig. 1) . The greatest variability in follicle length occurred during the most rapid growth period between Ϸ45 and 75 ADD 10 . Both logistic (R ϭ 0.914; a ϭ 1158.87, SE 56.93; b ϭ 52.48, SE 3.0; c ϭ 0.0626, SE 0.011) and Gompertz (R ϭ 0.925; a ϭ 1281.02, SE 146.72; b ϭ 6.84, SE 3.23; c ϭ 0.0346, SE 0.01) functions Þtted these data well. In both models variable a is the predicted size of mature follicles in a gravid ßy. The logistic model provided a slightly better estimate of the follicle lengths observed in the colony ßies (observed mean follicle length gravid females: 1,087.8 m [SE 19.91 , N ϭ 9] after 120 ADD 10 ).
Field Collections. Females of RACs 1Ð 4 were most commonly caught, whereas RAC 5, 6, 8, 9, 11, and 12 (mature or almost mature eggs) were least numerous (Fig. 2) . In almost all cases, follicles in the ovaries of Rainfall and ADD 10 are based on the summer period of June 21 to Sept. 21 each year. Samples categorized by parity (nulliparous and parous) and insemination state (un is uninseminated); not known are those females that were caught but that could not be age-graded. The 1997 results include data from two traps (see Materials and Methods). Based on the logistic regression, half of the females at the Warsaw farm with follicles Ͼ ϭ 304.6 m (SE 10.6 m) were inseminated (average of 5 yr values) (Fig. 3) . In the Trent Colony, this midpoint occurred when follicles were signiÞcantly longer, at 495.2 m (inseminated and uninseminated lengths did not overlap so no SE could be calculated).
Using the inverse of the two models Þtted to the colony follicle development rates, the age at which half of the stable ßies were inseminated was 46.79 ADD 10 (logistic model) (Fig. 3, inset) compared with a median age at insemination of 58.6 ADD 10 in the stable ßy colony.
Fecundity. To establish whether fecundity estimates could be based on single ovary counts, the number of ovarian follicles in both ovaries of 143 females were counted from Nzi collections from 1998 to 2001. Within a female, the number of follicles per ovary for an individual ßy differed by a mean of 2.31 follicles (SD ϭ 1.58, frequency distribution of difference between left and right: 0 Ð18 ßies, 1Ð28 ßies, 2Ð39 ßies, 3Ð27 ßies, 4 Ð18 ßies, 5Ð10 ßies, 6 Ð2 ßies, 9 Ð1 ßy). There was no difference between right or left side (t ϭ 0.84; df ϭ 142; P Ͻ 0.40).
The mean number of follicles per ovary was 49.08 (SD ϭ 8.52, N ϭ 710; Table 2 ). A two-way analysis of variance (ANOVA) established that there was a signiÞcant effect of both year (F ϭ 10.3; df ϭ 3, 704; P Ͻ 0.001) and parity (F ϭ 7.15; df ϭ 2, 704; P Ͻ 0.001) on the number of follicles per ovary. The number of follicles per ovary increase with parity: nulliparous 49.2 (SD 2.6), uniparous 50.1 (SD 2.4), multiparous 51.7 (SD 2. (Fig. 4) .
The number of follicles increased with leg length (N ϭ 142 in 2000 and N ϭ 301 in 2001) (year 2000, follicles per ovary ϭ 29.40 ϫ leg length mm Ϫ 47.78; R ϭ 0.694, t ϭ 11.4, P Ͻ 0.0001, N ϭ 142; 2001; follicles per ovary ϭ 28.27 ϫ leg length mm Ϫ 45.13; R ϭ 0.80, t ϭ 23.5, P Ͻ 0.0001, N ϭ 301). Using ANCOVA with leg length as the covariate, there was no effect of parous state on the leg length follicle number relationship (F ϭ 0.18; df ϭ 2; P ϭ 0.84), but there was an interaction between year and parous state (F ϭ 3.19; df ϭ 2; P ϭ 0.042), so that in 2001 there tended to be fewer follicles for a given leg length (F ϭ 5.94; df ϭ 1; P ϭ 0.015). That is, smaller, highly fecund ßies found in the nulliparous population were absent from the parous population in 2001, having either dispersed away or died so that as the population aged these smaller nulliparous ßies did not show up as parous ßies (Fig. 4) .
Survival. The mean proportion of females that were nulliparous was 0.449 (SE 0.032), and the mean proportion of parous ßies that were uniparous was 0.457 (SE 0.021) (1997Ð2001) ( Table 3) . When the RAC counts over the 5 yr were tested using log linear analysis (Poisson errors), there was a signiÞcant interaction between years and RAC (Pearson 2 ϭ 264.9; df ϭ 44; P Ͻ 0.001) with the largest differences being proportionately more early stage RAC 1 in 2001, the year with the most catch, and more later parous RACs 8 and 11 in 1998. When categorized by parous state, 2001 had proportionately fewer parous females than the other 4 yr (log linear analysis; Pearson 2 ϭ 21.2; df ϭ 8; P ϭ 0.006).
Using the frequencies of females in each RAC from the lab calibration study, and based on 120 degreedays (ADD 10 ) duration for the calibration study period, the mean duration of each stage (ADD 10 ) was: (1) 30.4, (2) 11.8, (3) 18.6, (4) 10.1, (5) 15.2, and (6) 33.8 (Table 3) .
Weather Effects. Years with higher rainfall resulted in more follicles per ovary in nulliparous females, and to a lesser extent, parous females (mm rainfall from 21 June to September 21 vs. mean no. follicles 1998 Ð2001, nulliparous: R ϭ 0.99, t ϭ 8.63, P ϭ 0.013, N ϭ 4, y ϭ 42.54 ϩ 0.033x; parous: R ϭ 0.87, t ϭ 2.52, P ϭ 0.13). There was no correlation between rainfall with any of the survival rates, or amount caught each year. Nor was there any effect of total summer degree-days on either fecundity, survival, or catch.
Discussion
Lab Age Calibration. The logistic function provided a better Þt than the Gompertz function for modeling ovarian development in the colony stable ßies. Fitting data from Moobola and Cupp (1978) (converting development times to ADD 10 based on a their rearing temperature of 24ЊC ϭ 14 ADD 10 /d; range and mean data from their Table 1 ) to the logistic function produced model parameters similar to our results (Fig. 1) .
Insemination was followed by rapid follicle growth, whether it occurred early (i.e., smaller sized follicles, as in the Þeld populations) or later (the colony population). Stable ßies are unusual among higher ßies in that vitellogenesis occurs in the penultimate follicles in the presence of the terminal follicles (Venkatesh and Morrison 1980) . It would be interesting to know how much this increase in the ultimate follicle growth can be attributed to insemination itself. This does not appear to be evidence of slower growth in Þeld populations, but that insemination in wild ßies simply occurs at an earlier period of development than in colony ßies.
Previous Þeld studies of stable ßy ovarian development was measured as 7 and 4 d duration (Scholl 1986) for the Þrst and subsequent gonotrophic cycles, based on lab studies of development times at normal summer temperatures in Nebraska of 23Њ to 25ЊC. Expressing development in terms of time provides no basis for comparing results between regions, seasons, or years. This can only be done by converting to a physiological time scale such as degree-days, ideally using a standardized base temperature (Pruess 1983 ). When we converted development times from previous reports: nulliparous and subsequent gonotrophic cycles work out to 91Ð105 ADD 10 and 52Ð 60 ADD 10 (SchollÕs 7 and 4 d); 86.4 ADD 10 and 43.2 ADD 10 (mean of 14.4 ADD 10 per stage from Krafsur et al.Õs (1994) (Lysyk and Krafsur 1993 , converted from ADD 8 ), compared with our colony results of 119.9 ADD 10 (nulliparous, sum of RACs 1Ð 6) and 59.1 ADD 10 (parous, sum of RACs 3Ð 6).
The developmental threshold for stable ßies has been estimated to be 12.2ЊC (Gilles et al. 2005) , 11.8ЊC (Larsen and Thomsen 1940, Lysyk 1993) , and 10.2ЊC (Skovgård and Nachman 2012) . Our use of a 10ЊC base for development is based on PruessÕs (1983) recommendation for a standardized base to be used in pest management (e.g., Beresford and Sutcliffe 2009b) . We used weather station data, which is obtained from a Stevenson screen in which thermometers are set 1.2Ð2 m high (Barry and Chorley 1976) . Stable ßies are found nearer the ground than this (Beresford and Sutcliffe 2008) , and we would expect female stable ßies thermoregulate to maintain body temperatures closer to their physiological optimum than those from the weather station, so that any precision we lost using a standardized threshold of 10ЊC would be minimal in comparison. For example, reported generation times for stable ßies on Alberta dairies are from 252 to 268 ADD 10 (Lysyk 1998), a range of 17 ADD 10 . Female stable ßies are persistent blood feeders, once they begin to feed they remain until they are full (SchoÞeld and Torr 2002) . Stable ßies appear to need a single bloodmeal each day for ovarian development, but as far as we can discover, this is based on establish lab rearing practice rather than observations from the Þeld (e.g., Moobola and Cupp 1978 , Kunz 1982 , Lysyk 1998 , Gilles et al. 2005 . A delay in obtaining blood after emergence delays ovarian development (Sutcliffe et al. 1993 ). The only information we could Þnd on multiple bloodmeals each day was from SchoÞeld (personal communication) who stated that he used to provide two bloodmeals a day to stable ßies held at higher temperatures (around 30ЊC) to increase colony production. In the wild, because physiological development is temperature based, blood would be required at different periods for optimal ovarian development on days of varying temperatures. Stable ßies have daily activity patterns in their feeding (SchoÞeld and Torr 2002) , with the proportion of recently blood fed females increasing throughout the day (Beresford and Sutcliffe 2006) , so that daily feeding patterns and optimal ovarian development would not necessarily be in synch at different temperatures.
Field Collections. While the use of the colony derived relationship between follicle size and development time (ADD 10 ) may still be applicable to wild populations (they are, after all, the same species), it can be misleading to use colony data to estimate the timing of speciÞc life history events such as when insemination occurs, in Þeld populations. Colony females were fed bloodmeals each day and sucrose solution ad libitum, so did not incur any of the energetic costs of foraging or searching compared with ßies in the wild. This may have contributed to the larger follicle size of colony females at insemination.
Fecundity. The number of follicles in Þeld populations of stable ßies increases with parity (Scholl 1986) . At the Warsaw site, the 4 yr means for the total number of follicles per female per gonotrophic cycle were 98.4 for nulliparous ßies, 100.2 for uniparous ßies, and 103.5 for multiparous ßies. These are Ϸ15% higher than those reported from Nebraska Þeld collections (e.g., 82.5Ð 85.4; Scholl 1986), and almost 25% higher that colony reared stable ßies (e.g., 75.4 Ð 84; Chia et al. 1982 , Kunz 1982 , Sutcliffe et al. 1993 .
Generally, the number of ovarioles in insects is proportional to body size (Chapman 1969 , Berrigan 1991 ) that, in turn, is affected by nutrition, with adults from undernourished larvae being smaller (Wigglesworth 1965, Bennettova and Fraenkel 1981) . Body size is also inversely dependent on temperature (Berrigan and Charnov 1994) , which might explain the higher number of ovarioles observed in ßies from the Warsaw farm compared with ßies in Nebraska. Nebraska has a mean July temperature of Ϸ25ЊC compared with a mean July temperature of 20ЊC for the Peterborough region (Barry and Chorley 1976) . Because soil temperatures are Ϸ3ЊC higher on average than air temperatures (Moon 1983) , immature stable ßies in Nebraska would be developing at Ϸ28ЊC, and at 23ЊC at the Warsaw site.
Terminal follicle development appears to take place in all ovarioles at more or less the same rate, and the lack of retained eggs is evidence that eggs from essentially all follicles get deposited at about the same time, supporting the practice of follicle counts to estimate fecundity. It is not known if female stable ßies oviposit during a single event in one location or if eggs are deposited at different places over several events. Either way, the lack of partial complements of eggs in parous females supports the idea that oviposition does not extend across a prolonged period. Previous studies that have reported egg deposits over a period of days were based on egg counts/colony/day divided by the The Þrst column of survival per stage is based on assuming equal durations of each stage. The second set is based on the lab calibration proportions.
Proportions are of females that were nulliparous (nul), and parous ßies (par) that were uniparous (uni). Survival is Þrst expressed in terms of the entire gonotrophic cycle, and then is apportioned throughout the individual stages, from nulliparous to parous (nul-p, six stages), and uniparous to multiparous (uni-m, three stages). Data for 1997 are from the main Þeld trap site only. Twenty females in 1998 were identiÞed to parous, but not subcategorized.
number of females in each colony (e.g., Kunz 1977, Kunz 1982) , rather than on direct observation of eggs oviposited by individuals.
Survival. Over the all 5 yr, an average of 57.6% (SE 3.9%) of nulliparous females become parous, and 54.3% (SE 2.1%) of uniparous ßies become multiparous. Krafsur et al. (1994) , using pteridine aging of Þeld-caught samples calculated a mean age at death of 64 ADD 10 (converted from his 86.6 ADD 6.5 ), a mean age of 81 ADD 10 (his 111 ADD 6.5 ) for gravid nulliparous females (RAC 6, from their table 4). Using their model, this is equivalent to a 43.4% survival from nulliparous to uniparous and 70.5% survival from uniparous to multiparous. Scholl (1986) found a 48% survival from nulliparous to parous, which he used to calculate a 0.901 (0.48 1/7 ) daily survival from his assumption of an average duration of 7 d for the Þrst gonotrophic cycle.
The above estimates of survival (including ours) were derived from Þeld populations and are higher than estimates in which colony-reared ßies were exposed to Þeld conditions, for example, the daily survival rates of 0.72 and 0.77 (Berry et al. 1981 , Scholl 1984 , respectively, mark-recapture of released colony ßies), 0.78 and 0.88 (Berry and Kunz 1977 , colony stable ßies housed in outside cages), and 0.725 (SD ϭ 0.115) (LaBrecque et al. 1975 ; Þeld-caged colony female stable ßies). Within stable ßy lab colonies, survival is higher than under Þeld conditions. DuToit (1975) (his holding temperature not reported), observed an average daily survival for adult female ßies of 0.93 (SD ϭ 0.10) over a period of 36 d. These results suggest that using colony ßies released into the Þeld to derive estimates of survivorship is misleading, probably because of colony ßies being released into an unfamiliar habitat, and the associated risks of blood feeding under Þeld conditions. Survival estimates represent changes in the proportion of different stages of ßies in a population attributed to some combination of changing mortality and trap response. Because traps are biased, survival estimates are speciÞc to sampling method, and cannot be compared with other estimates without being corrected for trap type. For example, Nzi traps exploit some sort of visible response associated with host seeking. The distribution of RACs in Nzi trap catches, particularly the low catches of newly emergent, gravid, and pregravid (RACs 5, 6, 8, 9, 11, and 12) females, is consistent with a host seeking bias in stable ßies of these stages. If the appetite for a bloodmeal was more or less the same at similar stages of each gonotrophic cycle (i.e., nulliparous inseminated, uniparous, the various multiparous cycles), then CO 2 baited Nzi trap catches should reßect changes in the actual proportion of females in each cycle.
Stage speciÞc numbers will not be proportional, for example, the low catches of gravid females is because of how the trap works; it is curious that gravid females were caught at all. Other kinds of traps would have different biases. For example, sticky traps made of Alsynite and Coroplast traps caught 80 and 96% nulliparous females, respectively, when set out at the same time and place (Beresford and Sutcliffe 2006) . Generally, more males are caught on sticky traps (53Ð 67% on Coroplast, e.g., Sutcliffe 2006, 2008, or Alsynite, e.g., Guo et al. 1998 ) than the 42Ð54% catches we saw.
Weather Effects. Stable ßies had higher fecundity in wet summers than dry summers. We would expect to see these increases translate to higher populations (following the argument in Speight et al., 1999) during cooler wet summers, but this was not the case. In fact, the highest population was observed in 2001, a dry, hot summer during which stable ßies had the lowest individual fecundity and highest mortality, whereas the lowest population was in 2000, a year with the lowest mortality and greatest fecundity. There were 14 times as many nulliparous uninseminated females caught in 2001 than in 2000, compared with only Þve times as many parous females caught ( Table 1 ). The nulliparous females died young in 2001. It appears that the difference in population from year to year are attributable to the survival of immature stages, and thus tied to different habitat availability associated with rainfall.
